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UNANNOUNCED UNCLASSIFIED (
W.Tatertown Arsenal Laboratory
Report 170, 739/37
Problem Yro. R-1.1 

5 April 19)4)]-3A Y 0 I T S T SI

1:etalluraical Zxamination of Bayonets of Commercial and
Springfield Armory Mianufacture

OBJECT

To determine Method of Feat Treatment to Provide the Strongest
)and Iiost Durable Bayonets.

S'1:11iY OF RZS7LTS

1. The method of heat treatment believed to provide the strongest
and most durable bapronets is as follows:

A. Heat in a lead or usolt bath with the bayonet immersed
from the blade point to the pommel. The temnerature of the bath and
the time of heating should be chosen to insure adequate hardenabilit.r.
The means used to support the baronet should not prevent any nortion
from attaining the temperature of the heating b-th %nd should not
interfere w,rith uniform nuenching.

B. Quench '4th a minimrun of delaer into oil maintained at

or near room temrerature.
0. Temuer to result in a uniform hardness in the range of

Rockwell "Cw •46 to 52.

2. To prevent the formation of grain boundary carbide network
and consequent brittleness, a uniform rate of air cooling from the
forging heat is essential. Also, care should be taken not to anneal
bayonets at too high a temperature.

3. 1ID-1080 steel is considered to be the optimum composition for
bayonets from the standpoint of conservation of strategic elements,
adequate hardenability, potential toughness, and ability to retain
keenness sf cutting edge.

Bernard S. Lement
Associate Metallurgist

APPROV'ED:

HH UNCLASSIFIED
Colonel, Ord. Dept.
Director of Laboratory
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INTRhODUCTIONT AIM1 TEST PR0CW3IB

"V' At the request of the Office, Chief of Ordnance, (SPOTS)* a
metallurgical examination of nine lots of M1 and M1905 bayonets was
carried out in an effort to determine a method of heat treatment to
provide the strongest and most durable bayonets. It was revealed by
the Ordnance Office that reports had been lately received from the
field regarding numerous breakages of bayonets manufactured by the Pal
Slade Company. The breakage uniformally occurred in the tang imm3diately
to the rear of the obolster which supports the guard. Investigation by
the Ordnance Office determined that since 1923, and possibly conaiderably
before that time, the tango of M1905 and Ml bayonets were not heat
treated, possibly with the mistaken idea of providing a soft tang which
would bend rather than break in use. It was found that the heat treat-
ment as used by the Pal Blade Company provided an especially poor grain
structure at the section of the tang directly to the rear of the bolster.
The Pal Blade Company was requested to heat treat the blade and tang
completely to the pommel. Preliminary tests of bayonet blades heat
treated in this manner have indicated that they are superior to those
treated in the previous manner.

4he bayonets received at this Arsenal for examination consisted
of the following nine lots, each containing 25 bayonets:

Lot Type of Year of Information on HeatBayonet Manufacturer Mfg,_ Treatment

A M1 Pal Blade Company 1943** Heat treated tango
B MI Pal Blade Company 1943** Jnheat treated tangs
o Ml Pal Blade Company 1943"' Current or late mfg.
D Il American Fork & Hoe

Company 1943' Current or late mfg.
B M1 Utica Cutlery Company 1942*** Current or late mfg.
7 Ml Union Fork & Hoe

Company 1943** Current or late mfg.
G 141 Oneida Ltd. 1943 Current or late mfg.
H 41905 Wilde Drop 7orge &

14f'ge Company 1943 Current or late mfg.
I M1905 Springfield Armory li06 to

19190 ** - -- --- -- - -- -

------------------------------------- -----------------------------------
o0.t. 474,7/1702 - W.A. 474.9/74 (See Appendix C)

"* Year of manufacture was not stamped on bayonets but probably is 1943.
* Only 9 bayonets of this lot were heat treated by the Uilca Cutlery Co.

All 25 bayonets of this lot were originally of the M19M5 ýype ant'
were modified to the Ml type by the Utica Cutlery Co.

* Bayonets of all years from 1906 to 191S vith the exception cf 1910
were submitted.
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The procedure in this exanination coneisted of the following
steps:

(i) Deternination of chemincl composition of b1yonets
reprosentin each lot.

(2) Rockwell 'Of hardness surveys taken on longitudinal
sections of bayonets representing each lot. The
sections chosen included the tang up to the pommel
and from three to live inches of the bl•de as measured
from the front of the gwuad. A typical section is
shown In Figure 1j Each section was gound p-xnllel
to and for a distance of 3/160 from the flat edge or
back side of the blade. Hardness readings were taken
1/8" apart starting at the refeoncoe point in line with
the front of guard. In reporting the resuLts of the
hardness surveys, the direction of the blade point
is noted as positive wherens the direction of the
pommel Is noted as negative.

(3) MHiroexamination of the longitudinal sections of
representative bayonots of each lot previously sub-
jecteod to hardness surveys. The structure of the
critical section* and of the portion of the blade
possessing naximum hntrdness was determined for
bayonets of each lot. In addition, examinntion was
nmde of the tang nenr the pommel and of regions of
hardness transitional zones where necessary to explain
h-rdness variations,

R5ULTS AD DISOTJ5ION

1. Ohemical oroposition

The chemical composition of each lot of bayonets is given in
Table I. In the ose of Lot I which was rnrufaotured by Sprinifield
Armory, chemical nnalyses were made of bayonets representing each of
the twelve years of manufacture subiitted. It was found that the
bayonets submitted by four of the six corm-ercial companies, Lots A,
B, 0, 1), 79 and 0, were made from ID-10O0 steel; wh-ereas the bayonets
submitted by the other two companies were made from WD-5090 steel, Lotsnhtui d(
3 and 1. The baynets manufactured by Spring~field Armory (Lot 1) 0_

in the years 1906 to 1915 were found to range in carbon content from
%T5 to 140% and all were made of plain carbon steel with the exception
of those manufactured In 1913, 191&, and 1915. The 1913 =nd 1915 bay-

The critical section referred to In this report is the section
Immediately to the rear of the bolster where breaknees in the tr.ng
have been reported. .odes

-- i indjur
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onets were miade of modified VD 1080 steels cortaining .38% tungsten
and .93% nickel resoectively, whereas the 1914 bayonet was made of
a modified " 5095 steel containing .55% nickel.

The maximum section sizes of both the 111905 and V1 bayonets are
such that the use of alloying elements is unnecessary to insure ade-
quate hardenibillity after oil quenching. WD-10i0 steel corresponds
to the eutectoid composition for plain carbon steels and is known to
possess greater potertial hardenabi'ity than steels of higher or lower
carbon content. As comnared with steels of higher carbon content,
WD-10Oo would be exnected to possess greater potential toughness but
less ability to maintain keenness of cutting edge. As comu-areC with
steels of lower carbon content, WD 1080 steel would be expected to
possess less potential toughness but greater abilitv to maintain
keenness of cutting edge. On the basis of conservation of strategic
elements and considerations of the properties desired in bayonets,

WD 1090 steel would appear to be the ontim=t' comnooition for thi3
app•lication,

II. Hardness Surveys

The results of the hardness surveys are giv n in Appendix A.
These results are summarized in Table I1 which lists the general hard-
ness level of the tang, the average hardness at the critical section,
the limits of hardness transition zones, mnd. the general hardness level
of the maximum hardened nortion of the blades of bayonets representing
each lot, Detailed resuaits of the hardness surveys follow:

A. Oeral Hardness Level of Tang

As shown in Table II, only three of the eight lots of commercially
W manufactured bayonets rossess hprdened tarngs. The general hardness

levels 6f the hardened tangs are Rockwell "C"f 47-5l, 37-39, and 49-5o
in the case of Lots A, C, & 7 respectiv.ely. The other five lots of
commercially manufactured bpyonets nossess unhardened tangs varyi-g
from Rockwell ItOft -9 to 23. In the case of the bayonets representing
12 years of Springfield Armory wqnanufrcture, the general hnrdness level
of the tangs varies from Rockwell "O" 3 to 30. Bayonets manufactured
in 190, 1909, 1911, ancL 1912 possess tangs of the highest hardness
level (Rockwell "OfC 27-30) whereas the level of all the other years of
Springfield Armorr manufacture is Rockwell "C" 21 or lower.

. Averageardness of Otitical Section

The average hardness at the criticnl section of four bayonets of
each lot of commercial manufacture and of one bsronet of each of the
12 years of Springfield Armory manufacture is given in Table II. The
general hardness level of the tang is eauivw.lent to the average hardness
of the critical section in the case of each of the nine lots with the
exceptions of Lots C and D. In the case of Lot C, the critical section
is in the hardness traneition zone, wherea: in the case of Lot D, the
critical section is in the maximum hardened nortion of three of the four
bayonets tested.

-3-



C. Hardnev- •'ratisition Zones

The hardness trauisition zones consist for the most OP_,t of lengths
of the bayonets over which the hardness increases uniformlyr on going
from the tang to the maximumr hrdened nortion of the blade. The limits
of the transition zones vary from lot to lot and even in the same lot.
Considered as a whole, the limits of the transition zones for all nine
lots are 1-i./141 from the guard in the direction of the pommel And 3"
from the guard in the direction of the point. In the case of the bayo-
nets of Lots A ,and P which possess hardened tpmgs, the l:-.rdness decreases
to a minim=an of Rockwell "C" 37-'4O and 23-25 reslect`.vely, instead of
remaining uniform throughout. In the case of the b-roennts of Lot C
which possess hardened tangs which are somewhat softer than the maximum
hardened nortions of the blades, the hardness decreases to a minimum of
Rockwell "C" 11-26 at the front of the guard instead of increasing
uniformly on going from the tang to the blade.

3). Hardness Level of Blade

The hardness level of the nmaximum hardened portion of blades rep-
resenting each lot is tithin the rnnge of Rockwell "C" '3 - 55. This
range overlaps the hatrdness range of Rockwell "0" 4•6-52 stipulate~for
bayonet blades in U.S. Army Spec. Yo. 57-l0-B.

111, Iicroexamination

A. Criticpl Section

The microstr'ctures at the critical sections of bayonets reoresenting
each of the ni'rie lots are shown in Figrtes 2 -A- to -T-, A summtLry of
the condition !nd hardness of the critical sections is given in Td'lo
III. It was found that the mlcrostructures of Lots A, C, D & F con-
sist primarily of te:omered martensito, indicating a ouench and temaer
treatment. The microstr'ict'ires of the five remi.ining lots vwry from
spheroidized cemeatite (or alloy cirbides) to predomin-ntly pearlite,
indicating for the most -onrt voria.tions in the annealing treatment.
In the caco of Lots E, I 1909, I 1912, ;•nd I 1917, the oresence of
"a cementite net,,ork was detected at the grain boundaries, indicating
"a slow rate of cooling from the forging heat. Traces of grain
boundary oemontite togcther with a coarse oearlito structure were
found in the case of Lot B, which may be the result of too high an
annealing temrnerature. The fineness of the 7ea.rlite and the 'irdness
of Lots I 190, 1 .1909, 1 1911, and 1 1912 indicate that these par-
ticular bayonets were not annealed after forging° Evidence of cold
working was found in the Lot I 190o bayonet, indiccoting, thPt forging
was finished at too low a temnerature.

B. Maximum YArdened Portion of Blade

The microstructures and harduness of the mpximum hardened portion
of representative baironet blades of epch lot are shonm in Table IV.

-4-~



The microstructures consist for the most nprt of termered martensite,
indicating a quench and temner treatment. 'Towever, such microstructural
constituents as undissolved carbides, undissolved or nartially dis-
solved pearlite areas, And pearlite ghosts (nartially dissolved cementite
in lFtmellar form) were found and indicate that most of the bayonets were
insufficiently heated nrior to quenching. The presence of orimary troost-
its *1es'found iz most cases and indicates a slow rate of quenching al-
though to some extent insufficient heating may have roslited in lowered
hardenability. In cases where undissolved carbides and/or nepxlite
ghosts were found without any -rimary troostite in the structure, the
-Leat treatment was judged nassable but was not considered to hAve re-
sulted in the most desirable condition. The most desirable condition
is believed to 'be a substantially homogeneous microstrlictnre con-
sisting of temnered mttrtensite.* The nresence of gra.in boundary
carbideb was detected in Bayonets lot I 9, I 14, I 15, and I 1 anl-
though not in most of the bayonets which were found to rossess this
condition a% the critical section. This indicates that solution of
the carbide network can occur to some extent during the heating for
hoprdening. The decarburization found on the sides of Bayonets Lots
C 1, G 1, Pnd R 1 orobably resulted from erevious forging or anneal-
ing treatment3 and was not removed by machining prior to hardening.

C. Supplementar_ 1-icroexamination

In order to determine the reason for variations in the results of
hardness surveys of the four bay-onets of Lots A, 3, 0, 1), and F given
in Appendix A, microexamination was made of selected nositions in
these bayonets. The results of this supplementary microexamination is
suRnarized in Table V Anich also includes the hardness values of the
positions exnmined. Photomicrographe of theso struictures are shotm
in Figuree 2 -U. to -Zl- and their significance is as follows:

(1) Lot A - The structure near the onommel of Bayonet 1"o. I con-
sists of tempered mprtensite with little or no rrimnry troostite as
shown in Figure 2 -U-. This accounts for the hincher hardness near
the pommel than in the region between the critical section And guard
where the structure consists of areas of -rimharv troostite at the grain
boundaries, pearlite ,hosts, nud temnered mortensite as shown in Figure

2 -A-. It appears thAt the means used to suoeort the baronet nrevented
this region from attaining the temnerature of the heating bath.

(2) Lot 1 - The structutre of the critical sections of txree of
the bayonets of this lot varies from coarse eear.ite to soheroidized
pearlite as shoin in Figures 2 -3-, -V-, 9nd -V-. These vprietione
indicate that the ba'-onets of this lot .id not receive a uniform Pn-
nealing treatment.

--------------------------- -- - -----------
VA4.L Report 7o. "320/29
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(3) Lot 0 - The structure near the pommel of Bayonet 1b l is
shown in igaure 2 -X-. and consists of tempered mrter. ite and numerous
small axeas of primary troostite. The presenco of more primary 'troost-
ite in the tang near the pommel than at the critical se 'ion (see
Figure 2 -C-) accounts for the lower hardness near the pommel. The
presence of troostite in the tang indicates a slower rate of quenching
than was attained in the hardened portion of the blade.

The structure at the front of the guard of Bayonet No. 4 consists
of areas of pearlite and primary troostite as shown in Figure 2 -Y-.
This strtoture accounts for the hardness decrease which was found at
the front of the guard of Bayonets No. 2 and 4. Evidently, the
region at the front of the guprd ,,,s prevented from attaining the
temperature of the heating bath by the means used to supp6rt the
bayonets,

(4) Lot 1) - The struct re at the oritical section of Bayonet No. 2

of this lot consists of spheroidized oementite with tra.ces of pearlite
as shown in Figure 2 -Z-. The tang of this bayonet is in the unhardened
condition whereas the tangs of the other three b-,yonett of this lot were
hardened stprting at a point about 11' from the front of the guard. This
indica.ted that btyonets of this lot were not ii ýiersod to the s-ne depth
in the bath used for heating.

(5) Lot E - The structure at a point 3/4" from the front of the
guard in the direction of the blade point of Bayonet Y•o. 1 is shown in
Figure 2 -7. and consists of sphoroidized cementito in a ferritic '-r.trix
which shows some evidence of cementite solution. This structure no-
counts for the decrease in ha.rdness which occurred at this locntion in
%ll four bnyonets of this lot th-,t were tested. Evidently, q region
about 2" long of the portion of t'he bl'de near the front of the guard
did not attain the temnerature of the bath used for "eating. It is
belioved thnt the means used to support those bayo•,Pts during heating
was responsible for this condition.

IV. Discussion of Results

The results of t1ts examinrýtion reveal that variations in forging,
Annealing, hArdening, and tomporing treatna.nt as well as in composition
exist aiong the nine lots of bqyonets submitted. From the standpoint
of conservation of strategic elements, -dequrte h.rd&.abilit1 , potential
toughress, -nd ability to retain keenness of cutti- edge -fter heat
treatment, the WD--QOO steel is considered the best steel to use for
bayonets.

The occurrence of c-rbids network at the grain bowudaries of bayo-
nets is considered detrimental to their toughness and nay possible "o-
count for the bre-kages which have occurred at the critical section.
In order to prevent the formation of such a n etwork, it is inport'nt
that nothing interfere with the normal rate of air coolir.n of bayonets
from the forging tenperaturo. A slow rate of cooling lealing to the
formation of carbide network cnn occur if the bayonets are stacked
together right after forging. If such a network does result, it can
be eliminated by a normalizing treatment prior to annea.ling. A
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carbide network can qlso result from too high an Pnnealing temnerotilre.*

The structure and hardness resulting from annealing denends on the
temperature, time, and rate of cooling. Righ annealing temnerat',res,
long times at temrerature, and relpotivelv fast rates of cooling are
conducive to the formation of oearlite; whereas low tnnealing tem',era-
tures, short times at temnerature, nnd relatively slow or even in-
terrupted cooling is conducive to spheroidized structures. 3v nrooer
control of the above mentioned vAriables, almost anyr combination of
pearlite and sphercidized carbides may be obtained. Prom the stand-
point of machineability, it is generally desirable tl'at tl-e Annealed
structure be composed of not more than 251 of -earlite Preas. The
size of the apheroidized carbides ehould nreferpblvr be small so that
they will not be likely to imnair machinnabilitv and so that they w1il
Fiesolve readIly in heating for hprdening, The nractice of eliminating
the annealing treatment and machining byronets in the as-forged condition
is not to be recommended because of the added machining difficulties
due to increased hardness nnd non-uniformitir of mi-rostr~ucture.

The annealed structures ¶wThich were found in the bqvonets examined
varied from a condition of ovmrlete snheroidization to all rearlite,
corresponding to a variation in hardness of -9 to 23 Rockwell 'Ct".
This variation in hardness corresnonds to P vwriation of tensile strength
from about 70,000 tc 120,000 nsi. Thurefore, if the tango of baionets
are not to be hardened, it would apnear desirable from the standpoint of
strength to aim for P nearlite rather than a soheroidized structure
after annealing. However, by hardening the tangs as well as the blades
of bayonets, it is oossible to take advanta.ge of the machining oualities
of a spheroidlead structure And at the snme time increase the strength
of the tang considerably above that obtainable by An anneFLjing treatment
which results in all nearlite.

nigh strength is desirable in the tangs of b½vonets from the stnnd-
point of nreventing the occurrence of bending in service. If high
strength is brought about by nroner hent treatmert, it is believed that
the resulting toughness will be adenuate to insure satisfactor~r nerformpnce,
It is important, however, that carbide network at the grain boundaries
resulting from the annealing treatment be avoided since this condition
cannot always be eliminated by the heating for hardening and lowered
toughness will result,

The use of a lead or salt heating bath is w•ell suited to the
production hardening of bayonets both from the standnoint of fast '-eating
and freedom from scale and decArburization, The temneratuire of the

- ---------------- M--------------------- r----------------------------------
* In both the forging and annealing treatments, care should be tnken to
prevent excessive decarburization since this condition is of course
detrimental to the cutting edge of bayronet blades.
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heating bath and the time of heoting should be so chosen to allo,,r
the bayonets to develop adequate hardenabilitv on quenching.
Too low a heating bath teinmerature or too short a heating time mny
result in soft sTO ts (troostite areas) or m,.r even result in f•ilnre
to hsrden. Too high a heating bath temoerature or too long a
heating time may result in grain growth which is detrimental to
toughness. A heating temperpture in the rarge of about I•0O to
L6O00F and a heatirg time of about 6 minutes is recommend; however,
the optimum temnerat-ire and time vill denend on sich factors as
the number of bayonets hardened at one time Pnd whether lead or
salt is used as the heating bpth. Oil is *referred to ¶,ater as
the quenching medium since less cracking and eistortion results
from oil qu•enching.

In hPr•ning bayonets from the blade noint to the nommel,
production difficulties mayr interfere with attPAning P -niform
hardness throughout. The means of sun-orting b-ronets in the
heating bath may orevent narts of these b-1ronets from attqtning
the desired tem'nerature prior to auenching. LikewTise, the meaons
of support marr also interfere w.ith lniform quenching of b-mronote.,
The time between remov.l of the t~nns from the hepting bP.t V ndA
insertion in the ouenching tank myv be too long to nermit the
attainment of full hardening in the ta-ngs. All of these factors
must be considered in order to insure uniform hanrxhning. In
addition, care should be taken to mpintain the iuvnc)hing oil at
or near room temnerpt'iro.

The temnering treptment considered desir-ible for uniformly
hardened bayonets qhould be such as to result in a uniform '-rdness
in the range of Rockwell "C" 4ý to 52. Thi)s hrdness rqnge has beon
fouLnd the o-ptinum for bayonet blqdes fron the stnndooint of imn.ct
strength and meeting the bend tent renuiremrnts of IT.T. Armir Snec-
ification 7o. 597-4-4 *. This hnrdness rrnge is considered satis-
factory for bayonet tangs since transverse bend tests of WD-l050
bayonut steel have revealed that below a h'ardness of Rockwell "C"
51-52 bending rather than brepkage occurs qt m'ximxm load. (Sr,
Appendix B). A uniform hardness in the rpnge of Rockwell "C10 46
to 52 can be obtained by temnering the entire b,7ronct for 2 houirs
at a temnerature i' tV-e range of 550 to 75O'y.

* WAL Report "o. 320/29



TABLE T

CF"TICAL CO•TOSITI0'T

OFI

LOT M.2JFTACA T R. V FG. STEEL a IrI SI S P VT CR 1'r

A Pal Blade Co. 1943* !%D 1090 .81 .79 .13 .0*5 .023 ,Ti1 .01
3 Pal Blade Co. 1943* WD 100 .83 .79 .27 .010 .012 ril .01
0 Pal Blade Co. 1943* ýfD '080 .83 .81 .17 .03* .019 "Til .01g
D American Fork

& Yoe Co. 1143* `fD 1080 .83 .58 .23 .075 .020 .52 .0-
M Utica Cutlery

Company 19)4.2 Im 5090 .85 .52 .30 .02h .020 .00 .go
F Union Fork

& Hoe Co. 1914 WD 1080 .. 87 .54 .26 .012 .017 Trqce.r) --
G Oneida Ltd. 1941 WD 1090 .79 .65 .21 .027 .019 •'il .02
H Wilde Drop

& Forge V;fg.
Company 1943 WrD 5090 .89 .35 .?7 .021 .015 ril .4 -

I Soriiigfield
Armory 1906 WD 10110 1.13 .49 .21 .o4' .0h2 Trace.01 ----

I Springfield
Axrmory 1907 !'TD 10100 1.08 .26 .28 .n1q .011 'Til .01 .02

I Springfield
Armory 1908 •I' 1095 .94 .35 .15 .031 ---- Ni1 .01

1 Springfield
Armory 1909 !TD lOlU0 1.41 .*liO .19 .. 026 .018 ý`il .(I

I Springfield
Armory 1911 '- 1095 .88 .18 .14 .029 .011 7i1 .01

I Springfield
Armory 1912 WD 10110 1.11 .hi1 .0 .029 .011 Til .01

I Springfield
Armory 1913 IModified

WD 1080 .75 .36 .21 .016 .012 Trace.10 .39-
I Snringfield

Armory 1914 Modified
Wf0 5095 1.03 .30 .11 .o47 .u(0 .59 .40

I Springfield
Armory 1915 Miodified

WD 1080 *87, ..O .17 .041 .O01 .-F .12
I Springfield

Armory 1916 1'rD 1095 1.03 h44 .16 .033 .017 Trqce.06 -
I Spr i ngf ield

Armory 1917 WD 10100 1.06 .44 .1 .032 .016 Trace.1
I Springfield

Armory 1918 W) 10100 1.0 .22 .30 .017 Trace.07 o0)

* Year of manufacture was not stqm-ned on bayonets but nrobnblv is 19)4.



T.A3LE II

RZSUL¶S OF HARDNSS SURM~S

ROOK-
AVERAGE] WCg.T F O7 WZLLROMOK- T4.6i; S ITIOITA.L "C w

RO0KVEL MfiLL NOR ZWITS AS 1AS- RARD-
TYPE TUM.ER N"0 CV D-. IHAMB.SS URED FROM •FFz,
OF YEAR OF IYTESS LEV- AT CRIT- FROITT OF LEM
BAY,- OF 3LADES 8 L OF ICAL OUAPi IF (M

LON MA MN OVEt~ 1T 11FM. TYSTM T.&N~G SECTION I!TC:{-nM.** BI1DL1

A Pal Bl1ad on. .1 1943* 14 17 to 51 47 -1 to +1/4 14-50
M Pal Blade Co. MI 1943* 14 -9 to 6 1 -3/4 to +2 50-54
0 Pal Blade Co. Ml 1943* 4 37 to 39 44 -1 to +1-1/4 149-51
3) American York

& Hoe Co. M1 1943* 4 -6 to -2 -4 to -1-•l[4 to +- 52-53
IV; Utia. Cutlery 51

Coripnny 11 19142 14 10 to 23 18 +1/2- to +1-1/2 Wj'ZV)5
F Union Fork

& hoo Co. Ml 1943* 4 49 to 50 50 -1/2 to +2-i' 49-51
O Oneida Ltd. MIl 1943 4 -5 to 2 0 -1/14 to +1-3/4 49--51
H Wilde Drop

& Forge

Mfg. Co. 111905 19143 14 2 to 13 9 -1/2 to +3/14 5j3-55
I Springfield

Armory 1.-19o5 19o6 1 21 16 -1/2 to +1-1/4 52
I Springfield

Armory 141905 1907 1 21 37 -1/4 to +3 45
I Springfield a

.Armory 19Og 1 29 26 -1/14 to +2 52
I Springfield

Armory " 1909 1 28 23 -1/4 to +2-1/4 43
I Springfield

Armory ' 1911 1 27 25 .1/2 to +1-3/14 52
I Springfiold

Armory " 1912 1 30 29 -1/2 to +2 51
I Springfield

Armory " 1913 1 16 16 +3/14 to +1-3/14 52
1 Springfield

Armory '~19114 1 15 16 -1/14 to'*3.-.311451
I Springfield

Armory " 1915 1 17 13 +1/2 to +2 50
I Upringfiold

Armory " 1916 1 3 3 0to+2 15
I Springfield

Armory " 1917 1 13 :It 3/4 to 1-3/4 47
I Springfield

Armory " 1918 1 17 13 0 to 1-1/1 17

"Yc Ycr of ri-nufacture wn,s not etj.rin cd on b•'.onot •ut probably is 1943..
• Direction of M'lade point is positive; direction of pm.unel is negative.



TAB~L I I I

STMARY OF RZS'LTS OF 'ICROMA:I"•f'IO'T 0' CRITICAL SV1CT OIS OF

BAYO'TTS

TYPE YT1110 OF RO CMM'tLL
OF MAIMy- F I TIP", o""

LOT 'TO. 'WMICTTTRM BAYOneTS FACTRE CO"MITIOY T IMDSSS

A 1 Pal Blade Co. Ml 1943* SlowlW, nuenched 2 -A- 47
and temnered

B 1 Pal Blade Co. ril 1943* Unealed 42 -B- h
C 1 Pal 3lade Co. !!l 1943* Slowly quenched 2 -C- 4L

and drawn
f) 1 American Fork

and :4oe Co. 1.11 1943* Slowly ouenched 2 -fl- 4O
and draim

2 1 Utica Cutlery
Company il1 1942 Anno, aIed 2 -•- 22

F 1 Union Fork and
Hoe Company Mil 19)43* Quenched and 2 - 9- 50

T em-ored
G 1 Oneida Ltd. Ml 1943 Snheroiclize- 2 -G- 7.5

Ann0e-ed
H 1 Wilde Drop

Forge Co. 1.Or,. 1943 Spheroidized 2 - 3.5
I 6 Springfiold

Armory IM1905 190e SThheroidi ze- 2 -I- l
Annepled

1 7 Springfield
Armory 11905 1907 Spheroidizi- 2 -J- 17

Annealed
1 9 Springfield

Armory 1? 1909 Forged to too 2 -K- ?6
low q, temperature

I 9 Springfield
Armory 1909 Forged 2 -L.- 23

I 11 Springfield
Armory " 1911 Forged 2 -1- 25

I 12 Springfield
Armory I 1912 Forged 2 -•- nq

I 13 Springfield
Armnry f 1913 Annealnd 2 -0- l<

I 14 Springfield
Armory 1914 Soheroidize-

Annepled p-P- 1I
I 15 Springfield

Armory lql5 innealed 2 -Q- 13
I 1ý Springfield

knmory i 1916 Soheroidize-

Annealed 2 -R- I
1 17 St. ingfield

Armory 1917 Annealed 2 -3- 12
I 1i Springfield

Armory lqlg S 2heo3dize-
n oaneatecs -T- 13'SYear of manufacture was not stam-nee. on bayonets buit ,orobabl~v is 1943.



T_:LAI V*T

STMMA21Y r)" :71S¶LTS OF III COMlOEXITTATIOTM OF ITXf& I1M1iM AD'Y Pm'TIOTT

OF MAYO2rTT BLA~fS

TYPM Y714B TOCY'rqLL
OF OF"C

LOT ITO. '1TJFACmTT~P. BAYCTýT 7 7G. IICTCJST2-'Torr¶R TAYR.flSS "IV~A71S

A I PRl 31ade 00. M1 19)43* TemnerecL Ymartensite. 50 Insuifficienit
Areas of nr.martrv leating nnd.
troostite, and. slow rate
nearlite ghosts at of 0(1'ecflh-
c-Inter. ing.

B 1 Pal Bl1ade Ca. M1 1.9)3* Temnered mrirtensite. 5)4 Pnassa.bl
Pp~rlite ghosts PAt heat treat-'
center. m,-'nt.

0 1 Pal Blade C0. M1 19)43* Temnoredl mpxttnsite. 950 Pci,,qs ab 1e
'? car 1.~ 1 gh( ~ osts a't heq.t treat-
center. :Both sPý.es ment.
carb'.ýrized 0.011 to

Bl 1 Ajncric-n 7'ork
qnd Hoe Co. Ml 19414* ~'erinered n-1rtensite. 53 Insuifficient

Primpry troostite heating Prid
q~re%%s, tT-rjssolved slow rate
cnarbides. of rnienching.

n 1Utica Cutlery
C om-Pny i l 19)42 Tem'nered martensite. passpll

P"-'r~.ite phosts as hqeat troiP.t-
center. ment.

F 1 Union Fork
k% Roe Co. TKJ 1.q414* Tem',rred mprtensite. r) I as~l

Undissolved carbides. 'Heant trenat-
ment.

G 1 Oneida, Ltd. Ml 19)43 Teminered martensite. 50 Insuif-Ficient
Small nrim!qrvr troost- hýeating rndnO
ite nxrea * earlite Slow4 rate
jýhpzts, kne side de- of' 'wcig

H 1 Wilde Drop cnr'bixrited .001"'.
Forge & Mfg.
C om-ppny If 1905 19*43 TeinneredT rartensite. 93 r'aspble

TTndissolved carbidles. hept treat-
Both. sides decorxb~ir- ment.
ized .009".

6 springfield
Armory Y1905 1906 Tem-nered. r,ýixtensite. 52 Inuufficinnt

Sint-ýl nrimnri7rý troost- hea-ting eind
Ite arep.g. TTndissolved. slour raqte
ca-r~bdes. of niiench-

i ng.



TABLIM IV (COF 'n)

SIMML71Y 0OF IPLSTTLTS 037 V¶IM'0W rIrrhVjI0t0'r OF*JIIP 7-Tl.1IT'r P~TI0.TO 0F

BAMYrIT BIAflIS

TYPM '"~l.a ROCYTWMLT4

LOT YO. ML2-IYA.OTTIM B.A.YOT M. !G. 1HI0I?.0SC"R"M77 'aA)Zl'VrSS RVWZY5V

1 7 Springfield.
Armory 111905 '1907 Temrered martensites 47 Ins'i~fficiert

.anid amp,1 -tre#%s of hieAting *.na
iorim~ry troostito slow rqte
FA outsido. Primary of quench-
troostite, A~nd. %reqa ing.
of partinl'r f.is-
solved -Pearlite Rn&
undissolved. ca~rbides
at center.

1 9Springfield
Armory M!905 1908 Tem-pered m-rterneite. 52 InsAf f icier t

Prima~ry troostite. hen.ting nn
T~nclissolved carbides slow rp~te
both 1tithin grains of 011nienh-
and. at grxiin ting.
bound.,.ri os.

1 9 Springfield
Armory " 1909 Prim.nr~ troostite. 43  Inqiifficient

*penrlite 'Preas. Un- ver?, Slow
dissolved c!,,rbides. rn.te of

auenching.
111 Springfield

Armory " 19,11 Temn-ere. rinrtensite. 5 P In-. 'ficient

Pe~rlite ghosts. Qlow cate
of (rnench-
ing.

112 Springfield
ALrmory if 1912 Temnered mrrtensite 51 Sq~tisfact'orv

hea~t treqt-
'Men t.

113 Sporingfield
Armory " 1913 Teirntered mnrtenzite. P;2 Passable

Pe~trlite ghosts. heat

treatment.



TABLfl IV' (co0r1M)

StrMWA1Y OF PTST"'IJTS OF 1TICR0'MW,17A MIO-. r -fi'~XI~f"?T~ -'YOVfl POmTIOIT OF

TYPLP ylogr RMM
OF or licit

LOT ITO. AC 07YOT I-tFG. ?1ICROST7?MCTn7R TYATZD~SS RrIAWCS

1 14 Snringfield.
Armory ?!1905 1914 Temnered mn~rtensite. 51 Pn.essd31e

Undissolved cmrbides. hieat trn~t-
Gr-ýin boun~nries iment.
c-ýrbidles qnd -per-.rlite Poor grair
ghosts n.t center. bound-xv,

115 Springfield condition.
Armory " 1915 Term~ered :.v-rtensite. )49 Insufficient

Prrti~kll'r dissolved Poor gr-,.n
rnorlrlte -,re-i.s. Un- *bo'mdnrv
dissolved cm~rbides condition.
both within grrdins,
ond at boundnxies

116 Springfield.P 
etr

Armory 1916 Torn~ered rn-rtensitc, )45 Insif f Ic ion t
Prim-r~r troon~ti to, heptine '-nd
P.nA undissolved cetr- slow 01mench-.
bides Ptt outside. ing raqte.
Foarlite ghosts.
7Tndissolvvd c'xrbidoe
nyid qrop,s of ar~"croiftizod
nepxlito ,qt cenater.

117 8-nrinigfield
Armory it 1917 Tmnmered mnxtensite. 47 Ins' ificiont

Undissolved cqrbidos ho~ting.
Rtnd rocalite nreas n.t
centeor.

181 Springfi~eld

Armory , 1918 Termyered m-rtensito. 52 Insuifficienit

-Pearlite -xs Un-. Poor *
dissolvot carbides egr~qin
within prains P~nd 1,t boi~tdnry
b mind~,ri 10. condition.

...oa of npzrf-cture wsas not stamnned on bp.,'ronet but rrobabl~r ia s 1I



TABL7, V

STflI:I~Y OF' IR",S'TS OF' STFlL%! "TA:,v ?rIC70XV"

TAYPT Y'TAR PA~ZT IISTA'0CP ROCK-

LOT ITO.. MV-77ACF'MRM 3.BYOY",T "17YG. 2A70W"T "fiOIT 0- CO?7flITIO) ! ITrrn. V 11C"

A 1 Pal 31ade Co. Ill 19)43* Tpng -2-1/)4 Qtienched

and draum, 2-Il- z

B 3 -Pql Blad~e Co. 141 19)43* Criticp,l
Section -1/4 Spheroidiza4~" -i

3 )4 Pal 13lado Co. Ill 19)43* Critical
Section -1/)4 SWriii

Annop~le 2-W- 9

C 1 Pal Blade Co. MI 19)43* Tang -?-'Z/4 Slowlyr

P-ndL Odr P'' 2-,K- 3

C )4PA1 Bladeo Co. Ill "9)43* Front
of Gua~rO 0 PNrtinll~v

This -ort
o f bavo0-

* ~not did.
not a~t-

tamn tomrn~-
ornaturo of
hopating bat'i. 2-Y-

fl 2 nAmric~n Fork
and Roo Co. Iq 19)43* Cri ticnl

Section -,1/4 Sp~heroidizo-
Annealed ?-Z- - 2

F 1 'Union Fork
cizd F{oe Co. Ml1 19)43* 1Blade +31/4 S-oheroidizod

This nqrt of
bnv'ionot r~id.
not nttain
tumrnoorati2ro
of Imentin'g

*Yoar Of Mninufnacttue uras not stam-nec on bpyornets but nrobably is 1q43-
'~Direction of blado -point is positive; direction of oomniel is negative.
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-A- -B- -C

LOT A - CRIT!CAL SECTION LOT B -CRITICAL SECTION LOT C -CRITICAL SE LOT D - CRI

TEMPERED MARTENSITE. GRAIN COARSE PEARLITE. TRACES OF TEMPERED MARTENSITE rEMP['RFD M

BOUNDARY PRIMARY TROOSTITE GRAIN BOUNDARY CEMENTITE. SCATTERED PRIMARY TROO'.;TITE TROOSTITE A

AREAS. PEARLITE GHOSTS. BAYONET NO. 1. AREAS. BAYONET No. . CEME.NTITE.

-K-

LOT 1 190)7 -CRITICAL LOT I 1908 - CRITICAL LOT I 1909 -CRITICAL LOT I t11

SECTION. SECTION. SECTION. SECTION.

FINE EAR 0
'V PEARLITE. SPHEROIDIZED PEARLITE, EVIDENCE 0F COLD PEARLITE. SPHEROIDIZEO FIER ERIT.1

CEMENTITE. SMALL FERRITE WORK, CEMENTITE. GRAIN BOUNDARY ~ PIE
AREAS. CEMENT ITE,

N ,h?

r)

31

-5- ~-T---
LOT I 1917 -CRITICAL LOT I 1918 - CRITICAL LOT A -NEAR POMMELLO B C

SECTION. SECTION. SPHEROIDI ZE

COARSE PEARLITE. GRAIN PEARLITE. SPHERoIDIZED TMEE ATNIE BAYONET NO. 1
BOUNDARY CEMENTIT'E. CEMENTITE. BAOE O .WTN.63#b

FIGURE 2-PHOTOMICROGRAPHS OF BAYO



A. rj

- Gý

ITCAL SECTION LOT E - CRITICAL SECTION LTF-C IA
'R~~ I O- CRITICAL s

D MARTENSITE, PRIMARY PEARLITE. GRAI1N BOUNDARY TEMPERED MARTý?NSITE. LTG CIIA r L

iTE AREAS. UNDISSOLVED CARBIDES. BAYONET NO. I FERRITE IN CRYý3TALLOGR SPHEROIDZEO CEMENT I TE

ITE. BAYONET NO. 1. IC PLANES. BAYONET No. OF PEARLITE. BAYONET

A'---

LOT 1 1911 CRITICAL LOT 1 1912 - CRITICAL LOT I 1913 - CR IT ICAL
SECT ION. SECT ION. SECT ION. LOT 1 1914 -CRITICAL I T

FINE PEARLITE.GRAIN BOUNDARY COARSE AND FINE PEARLI TE. PEARLITE. SMALL AMOUNT 07 SPHEROIDIZED CARB ICIE-
FERR ITE. QRAIN BOUNDARY CEMENTITE. FERRI1TE. TRACES OF PEARLITE.

I~\Tv 
.4A

, o ~.

L)~~.

0~CI CL ~ ..

LOT B C CR IT ICA L SECTION LOT B -CRITICAL SECTION LOT C -NEAR POMMEL
LOT C- FRONT OF GUARD YFPHEROID ZED CKMrNTITf: SPHEROICIZED CEMENTITE. TEMPERED MARTENSITE.

bAYONET NO. 3. AREAS OF PEARLITE. NUMEROUS SMALL AREAS OF PEARLITE. PRIMARY TRO
BAYONET NO. 4. PRIMARY TROOSTITE. BAYC', AREAS. PEARLITE GHOST,

WTN (63O-j c9 NO. 1. HYNTN.4

MAGNIFICATION -1500 X ETCH-PICRAL WTN t3jý-bc9

SBAYONETS OF COMMERCIAL AND SPRING FIELD AR
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NSI Tz-(:SI 0 *.b *

I

i~ Vf

C' ._ . . , .r - ..,

-G- -H- -R

ALR SETICAN

AL SEC I ON- IT ICAL SECTION LOT H - CRITICAL SECTION LOT I I906 - CRITiA"
NsiTE. s0-IE
STALLOGNRAPH- OTIE. TRACES SPHEROIDIZED CARBIDES. SPHEROIDIZED CEMENTI

YONET No. 1. AYONET NO. 1. BAYONET NO. 1. MARKED TRACES OF PEA,

. i,

-Y--_ -Zl-

CRI T ICAL
LOT 1'ý1- CRITICAL SECTION LOT 1 1-15 CRITICAL SECTION LOT 1 1-416 -CRITICAL SECT'

L AMOUNT OF SPHERO rCIZE PRIDA S. MARKED PEARLITE. SPHEROICIZED CEMENTENI.
TRACES OF' PEARL IpTE. MARKED TRACES OF PEARITE.

0008

POMLLOT C- (ONT OF GUARD LOT D - CRITICAL SE7T ION LOT F -3/41' FROM GUARD

ýITE , TOWARD POINT.

:REAS OF PEARL.< PR IMARY T ROOST ITE SHPEROIDIZED CEMENTITE.
E. BAYONET ~ RA ARt ITE GHOSTS. TRACES OF PEARLITE. SPHEROIDIZED CEMENTITE.

4. BAYONET No. Z. EVIDENCE OF CEMENTITE
SOLUTION IN FERRITE MATHIX.

'ICRAL 
BAYONET NO. I.

RING, D ARMORY MANUFACTURE-FIG. 2
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APP1TMIX B

MTRAS9.SE 13~'rf TnSTS `7 !fl-10r'0 ST.77'L 13kyO"r7' BIJADS

Specimen Rockwell "C T~ximw~n Load Occa.rrence q.t
:To'___ *4-ar d'nes a Lb s. Tgximwn Lon'd

A155-50 980 Fractured.

A-2 54-935 990

3151-52 970

B-2 Rli-52 750

C-1 ~49-50 990 Bent, 'To 7r~ctltre

C-2 4l9- 5 0 960 it t? "

Dl-1i ~47-~49 920 it 11

D f-2 ~46-47 700 t? it II

M- L-5770 it I I

`-244-45 925 if it f

F-1 77-35 Oo0 It U

F-2 -77 -3 570 II t

ITOte 1p These tests 1-ere m-O ). V-n t'm iform -uortion of T'lq0r

bpalonet bl,10CS USinp a qn of r". The lop~d wpas arnPiied

at tie cen'ter of the spn*n



APPE-DIX C

WIAR DEAR21TT

OFFICE OF TVý CFIEF OF ORDirAI'CE Bird/mdl
SPOTS VfASiIITGTOr, 1). C. Ext. 5g45

25 Tovember 1943

Subject: Bayonets, Ml and l1905 -Directive for Test of

To: Commanding Officer
Watertown Ar senal
Watertoim, M'4aisachusetts

Attn: Colonel Zornig

1. A large number of reports have been lately received from
the field regarding breatkages of bayronets manufactnred by the Pal
Blade Company. The breakage has uniformally occurred in the tang
immediately to the rear of the bolster which supports the guard.
Investigation has determined that since approximately 1923, and
possibly considerably before that time, the tangs of bayonets,
M1905 and M1 were not tempered. This was done with the possibly
mistaken idea of providing a soft tang which ,,ould bend, rather
thana break, in use. Further investigation has sIhowr% that the
heat treatment as used b- Pal Blade Company provided an especially
poor grain structure at the point of the tang directly to the rear
of the bolster.

2. The Pal Blade Company was requested to temper the blade
rind tang completely through to the pommel, Preliminary tests of
these blades indicate that bayonets manufactured by this method
are superior to those of manufacture using the previous method
leaving the t-ngs untempered.

3. Forwarded to your Arsenal ire bayonets as follows;
ir

a. 25 - Bayonets, 11905 of Springfield Armorr
or Rock Island mnnufacture made prior
to 1923.

,b. 25 - Bayonets, Ml of Pal Blade Company man-
ufactured having heat-treated tangs.

c. 25 - Bayonets of Pal Blade Company manu-
facture having unheat-treated tangs.



To: Watertown Arsenal Bird/mdl
Subject: Bayonets, 1. and 1O11905 - Directive for Test of

Sd 25 - Bayonets of current or late manufacture by
each of the followirig facilties: Pal Blade
Company, Union Fork and Hoe, Utica Cutlery,
American Fork & Hoe, Wilde Drop Forge & Mfg.
Company, and Oneida Limited.

4. It is reqcaested that your Arsenal undertahe a study of these
bayonet samples in an effort to determine methods of heat-treating
blades to provide the strongest and most durable bayonet.

By order of the Chief of Ordnance:

Rene' R. Studler
Colonel, Ordnance Dept.
Assistant

-2-



DEPARTMENT OF THE ARMY
UNITED STATES ARMY RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND 21005-5066

REPLY TO
THE ATTENTION OF

AMSRL-CS-IO-SC (380) 6 June 1997

MEMORANDUM FOR Defense Technical Information Center, 8725 John J.
Kingman Road Suite 0944, Ft. Belvoir, VA
22060-6218

SUBJECT: Cancellation of Distribution Restrictions for Watertown
Arsenal Laboratory Reports

1. References:

a. !7"Watertown Arsenal Laboratory Report No. WAL
320/29, "Bayonet Blades, Investigation of WD 10-80 Steel for Use
in Bayonet Blades", 19 January 1944.

b. • •W2Watertown Arsenal Laboratory Memorandum
Report No. WAL, 739/87, "The Metallurgical Examination of a
Japanese Samurai Sword", by J. I. Blum, 25 September 1946.

c. AD-B*?10,/Watertown Arsenal Laboratory Report No. WAL
739/47, "Bayonets, Metallurgical Examination of Six Lots of T2
Bayonets", 2 August 1944.

d. AD-BS<9481Watertown Arsenal Laboratory Report No. WAL
739/48, "Bayonets, Metallurgical Examinaton of Eight Ml Bayonets
Submitted by Springfield Armory", 8 August 1944.

e.. w, rMY6'"KWatertown Arsenal Laboratory Report No. WAL
739/37, "Bayonets, Metallurgical Examination of Bayonets of
Commercial and Springfield Armory Manufacture", 5 April 1944.

2 Our Laboratory has revie...ed t reference reports and has
approved them for public release; distribution is unlimited.
Request that you annotate your records and mark the documents with
distribution statement A in accordance with DOD Directive 5230.24.

3. Our action officer is Mr. Douglas J. Kingsley, telephone
410-278-6960

P. ANN BROWN
Chief, Security/CI Branch
ARL, APG

ARL - A NATIONAL REINVENTION LABORATORY


